The article focuses on heterogeneity of goods, namely real estate and consequently deals with market valuation accuracy. The heterogeneity of real estate property is, in particular, that every unit is unique in terms of its construction, condition, financing and mainly location and thus assessing the value must necessarily be difficult. This research also indicates the rate of efficiency of markets across the types based on their level of variability. The research is based on two databases consisting of various types of real estate with specific market parameters. These parameters determine the differences across the types and reveal heterogeneity. The first database has been set on valuations by sales comparison approach and the second one on data of real properties offered on the market. The methodology is based on univariate and multivariate statistics of key variables of those databases. The multivariate analysis is performed by Hotelling T 2 control chart and statistics with appropriate numerical characteristics. The results of both databases were joint by weights with regard to the dependence criterion of the variables. The final results indicate potential valuation accuracy across the types. The main contribution of the research is that the evaluation was not only derived from the price deviation or distribution, but it also draws from causes of real property heterogeneity as a whole.
INTRODUCTION
The article focuses on heterogeneity of goods, namely real estate, and thereto related market valuation accuracy. Real estate property is heterogeneous, meaning that every unit is unique in terms of its construction, condition, financing and location; thus assessing the value is difficult (Jowsey, 2011) .
The accuracy of valuations is shown to be partially dependent on local variable factors such as the extent of information, the variability of local cycles and the heterogeneity of the stock (Dunse et al., 2010) . This research also indicates the rate of efficiency of markets across the types methodologically based on their level of variability.
The key valuation approach used to fill the variables is named Sales Comparison Approach (further SCA). The valuations were utilized to explore heterogeneity of valuated properties and consequently to indicate the valuation accuracy.
The Sales Comparison Approach (also called market approach) is embedded in the International Valuation Standards (IVS) and also in the European Valuation Standards (EVS) as one of main approaches to receive a market value. Market value is intended by the following definition: "The estimated amount for which the property should exchange on the date of valuation between a willing buyer and a willing seller in an arm's length transaction after proper marketing wherein the parties had each acted knowledgeably, prudently and without compulsion. " (IVSC, 2011; TEGOVA, 2012) .
The most direct valuation approach is based on comparing the object to be valued with prices obtained for other similar objects (the more similar the better) in the same market to the valuation date. Each property is unique and as the comparables move away from the ideal of absolute similarity, they become less reliable. The reasons for dissimilarities are usually location, physical state, purpose and time (Shapiro, 2012) .
The inherent practical implementation of the SCA valuation is based on the so-called Adjustment Grid Methods (Colwell et al., 1983; Rattermann, 2007) , which clearly allows to analyze and evaluate various factors of pairwise differences.
It is desirable to determine the size of potential dissimilarities received by individual valuating processes process. One property to be valued usually displays several dissimilarities, and most of them are frequently repeated in the valuations. In the context of the SCA the pertinent factor is price adjustments. Moreover, the price adjustments are closely related to price-setting factors. On the general scale, these factors reveal the dependence of the market price. Subsequently, some factors may have relatively low effect on pricing in comparison with others, e. g. flood risk (Cupal, 2015b) .
The price adjustments have a specific tree structure and it is possible to decompose them. The Tab. I depicts the possible decomposition as a 2-level structure. The RRE and CRE abbreviations represent residential and commercial segments. Theoretically, the number of levels could be higher, but the price sensitivity and accuracy of determination would be very low.
If possible, the SCA uses mainly local markets. The SCA does not usually use more global price-setting factors, simply because the set of comparables must be reduced appropriately on closer observations. The SCA projected to market values sometimes contains 'crowding out effect' as substitution of one price-setting factor's power for the other one, while the market value remains unchanged. For example, higher amortization of a building can be compensated for by better location, quality and utility features (Cupal, 2015a) .
A frequent question concerning the market value of a real estate evolves around price sources. Data often come from offering databases rather than sales databases. This difference is usually corrected by a particular valuation by a coefficient (Cupal, 2010) . However, for the research, it is much more important to keep the data homogeneous in terms of data sources. Statistical methods could be ineffective for property valuation due to low transparency of the market and low confidentiality of transactions and it can be desirable to take uncertainty into consideration by using valuation methods and models (Meszek, 2013) .
Besides the SCA data source, as an auxiliary source the research used variables measured during the offering of various types of property. This approach and database are described in more detail in the following chapters.
MATERIALS AND METHODS
The research is based on two databases consisting of various types of real estate with specific market parameters. These parameters determine the differences across the types and reveal heterogeneity. The results of both databases were joint by weights with regard to the dependence criterion of the variables. (128), cabins -6(31), restaurants -2(11), warehouse and manufacturing grounds -4(21), attic spaces -2(9), apartment houses -2(10), family houses (commercial purpose) -3(15), garage -1(7), commercial spaces -1(4). The second database of the research "Price changing during the offering of real estate" (Cupal, 2014) contains 500 observations. Although the purpose of this database, showing the heterogeneity of real estates, is auxiliary, the resulting values are entered. The previous research (Cupal, 2014) enabled to support this research to bring more significant as well as independent results. Therefore, besides the real estate type, the first database is based on the key variable of the SCA: dissimilarity coefficient ki, where i represents all types of price adjustments (see Tab. II). The total value of all price adjustments is expressed by index I. In these SCA valuations the following functional form was used to obtain I; I = Πki. For example, if there are not any dissimilarities, every coefficient ki equals 1.00 and then I = 1.00 as a product of their multiplying. The method performance of various appraisers may differ. If the SCA is followed correctly, different appraisers using slightly different methods can and do arrive at final estimates of value that are very similar (Manaster, 1991) . The SCA on the general level can be even appropriately described by linear algebra (Isakson, 2002) . Specific conditions of real property (less accurate inputs) allow to use meaningfully a qualitative approach of performing that (Rhodes, 2014) .
The dissimilarity coefficients ki and index I as products of applied valuations performed represent variables (see Results) which enter another process, i.e. statistical analysis and evaluation. In this case they were submitted to multivariate analysis performed by Hotelling T 2 control chart to reveal the heterogeneity of particular type of property.
This multivariate method, the multivariate counterpart of Student's t, which also forms the basis for certain multivariate control charts, is based on Hotelling's T 2 distribution, which was introduced by Hotelling (Hotelling, 1947) . When T 2 is generalized to p variables it becomes:
represents the inverse of the sample variance-covariance matrix  and n is the sample size upon which each x i (i = 1, 2, …, p) is based. The diagonal elements of are the variances and the off-diagonal elements are the covariances for the p variables (NIST/SEMATECH, 2013). The Hotelling T 2 is a distance chart, and the plotted points (T 2 ) indicate the distance of mean vectors (samples) from the center "point" (vector of centerline values, or means) in multivariate space. Moreover, the Hotelling T 2 chart can detect small "movements" or a drift in multivariate space that could not be picked up (as early) using simple univariate control charting (STATSOFT Inc., 2013 One of the sets of the SCA variables named DIST was determined precisely according to the following procedure. The calculations are made on the basis of a spherical earth (ignoring ellipsoidal effects) -which is accurate enough for most purposes. The earth is very slightly ellipsoidal; using a spherical model gives errors typically up to 0.3 %. The co-ordinates entered the calculations as "deg-min-sec" format, e.g. 40°44′55″N, 73° 59′11″W. Haversine formula was used to calculate the great-circle distance between two points -the shortest distance over the earth's surface as the crow flies. Haversine formula is given as follows:
where φ is latitude, λ is longitude, R is earth's radius; mean radius = 6,371 km (MOVABLE TYPE LTD, 2016).
Other variables, AREA and PRICE of the SCA, were easily available from individual valuation reports. The variables of the second database were obtained from "Price changing during the offering of real estate" research (Cupal, 2014) without changes or transformations.
The final statistics of both databases received from the selected multivariate method were joined by weights wk derived from independence rate of variables. The independence rate of variables is expressed as nonparametric by Spearman rank correlation ρ (Spearman, 1906) . The actual weights represent the inverted value of double sum of correlation matrix elements in the absolute value. Topologically, these are diagonal elements of one of the triangular matrices, since the correlation matrix is symmetric.
The research consists of two databases thus weights are determined as wk for k = 1 and k = 2. Formally, the weights are expressed as follows: ) determined as a weighted average. Some categories of the SCA did not match the second database, therefore, they had to be adapted and aggregated according to the purpose of their use.
The final table indicates valuation accuracy for all the types of property taking into account all relevant metrics mentioned in the article.
RESULTS
The first approach, the SCA, was required to calculate the key variable denoted as I. The calculation was performed for all the types of property which were valuated by the SCA. Primarily, index I was used to detect the overall dissimilarity of a particular type of property and consequently to indicate the heterogeneity of the property (the SCA framework). Tab. III. displays the results (see below).
The results of I index have a certain explanatory power, however, in order to conduct a more general and objective analysis, more key cross-sectional variables to evaluate the heterogeneity were required. The geographical distance between a pair of objects of a particular process of comparison denoted as DIST was another key variable. It was received as a product of the SCA valuations expressing physical availability of the nearest substitutes to the object to be valued (axiom of location). The computation of the DIST variable was described in more detail above.
III: Results of total index I for a particular type of property
Other variables are not SCA products and are independent of them. Nevertheless, they are key variables used for the computations. The first one denotes PRICE as a sales price of a particular comparable property and the second one, AREA, expresses an appropriate quantifier to the type of property. The Tab. IV displays all the variable with their types.
Relevant descriptive statistics were computed to indicate heterogeneity based on all the variables introduced above, specifically, the standard deviation as a one-dimensional characteristic for each variable; the expected value and median of Hotellings T 2 statistics as a multi-dimensional characteristics of all the variables. The rows express particular types of property.
Hotelling T 2 chart for individuals shows multidimensional variability of every single observation. It is evident that the observations with extremely high T 2 value come within the classes of property with a high probability of such occurrence. This is confirmed by the Fig. 1 occurrence significantly vary between residential and commercial categories based on relative frequency. This database confirmed the difference even more markedly, it is still necessary to consider the disparity in the observations of the categories of both databases. The graph comparing the SCA and "Offering" by their T 2 statistics (expressed as a median Md) displays slightly different results relative to one another, but relations across the types are comparable. The weight function (wMd(T 2 )) is marked in bold. As "the SCA weight" was significantly higher than "the Offering weight", the course of weight function is significantly closer to the SCA function Md(T 2 )SCA.
DISCUSSION
The aim of the research was to examine possible application in the field of real estate valuation. Therefore, it does not draw solely from the economic theory. The results received should support the valuation process and the expected accuracy of the final market value.
A more general multivariate approach would require modeling of the joint probability of distribution of several variables. This would require the use of standard multivariate copulas or vine copulas as a way to construct multivariate distributions (see Nelsen, 2006; Montes-Iturrizaga et al., 2016) and performing certain comparisons.
As mentioned above (Dunse, 2008) , the characteristics of local markets are crucial for the valuation accuracy assessment. Based on the selected variables, the research showed certain relative rate of valuation accuracy. The Tab. IX captures the relevant statistics.
The results reveal a significant difference between residential and commercial segments. The values indicating the valuation accuracy by various statistics are divided into three ordinal scales for individual statistics; black (high accuracy), burgundy red (medium accuracy) and red (low accuracy). The first four types are black, so it is possible to estimate their value with high reliability. Lands, comprising all the types, are more heterogeneous. commercial segments. This is mainly caused by their infrequent occurrence, the complexity of these types of property, a wide spread of prices for one purpose of property and low market information power generally.
The results appear to be rather unequal, which, however, was expected. Statistics were selected carefully to obtain an ample output. For example, the coefficient of variation could be applied to unidimensional statistics. Nevertheless, this would mean omitting the effect of absolute amount of a transaction. This is related to the availability of goods, substitution effect and stratification of demand. Property must be valuated as a whole in a unified monetary expression.
Achieved results are applicable, inter alia, for real estate valuation, where is very important to find out valuation accuracy. It means not only a point estimate of value, but also yield of such value. Basic option could be for example a standard deviation of prices, but results are not meaningful and stationary for a given segment. Multidimensional statistics enable better anchoring in key characteristics of property. Actually, the issue is an analogy of hedonic price models. 
